Effect of spleen surgeries on Escherichia coli distribution on the mononuclear phagocytic system  by Petroianu, Andy et al.
lable at ScienceDirect
International Journal of Surgery 8 (2010) 48–51Contents lists avaiInternational Journal of Surgery
journal homepage: www.thei js .comEffect of spleen surgeries on Escherichia coli distribution on the mononuclear
phagocytic system
Andy Petroianu a,b,*, Rodrigo Gomes da Silva a, Valbert Nascimento Cardoso a, Luiz Ronaldo Alberti a,
Marconi Gomes da Silva a
aDepartment of Surgery, Medical School of the Federal University of Minas Gerais, Brazil
bAvenida Afonso Pena, no 1626, Apto. 1901, Belo Horizonte, Minas Gerais 30130-005, Brazila r t i c l e i n f o
Article history:
Received 14 July 2009
Received in revised form
16 October 2009
Accepted 16 October 2009
Available online 23 October 2009
Keywords:
Labeled bacteria
Spleen
Splenectomy
Partial splenectomy
Subtotal splenectomy
Mononuclear phagocytic system* Corresponding author. Tel./fax: þ55 31 3274 7744
E-mail addresses: petroian@medicina.ufm
(A. Petroianu).
1743-9191/$ – see front matter  2009 Surgical Asso
doi:10.1016/j.ijsu.2009.10.006a b s t r a c t
Objective: To avoid asplenic state, many approaches preserving the spleen have been proposed in the
literature: splenorraphy, partial splenectomy with or without preservation of hilar vessels and splenic
tissue auto-implants. Subtotal splenectomy, preserving the upper spleen pole nourished only by sple-
nogastric vessels is an alternative when the splenic pedicle must be ligated. The purpose of this study
was to evaluate the inﬂuence of partial, subtotal and total splenectomies on the distribution of Escher-
ichia coli in the mononuclear phagocytic system.
Method: Thirty-two rats divided into four groups were studied: sham operation (total spleen preserva-
tion), partial splenectomy, subtotal splenectomy and total splenectomy. Five weeks after surgeries, an
aliquot of E. colimarked with tecnetium-99mwas injected intravenously. The animals were killed 20 min
later and the spleen, lungs and liver were removed in order to determine the distribution of labeled
bacteria.
Results: The amount of E. coli in the splenic tissue was greater in the intact spleen group than in the
partial or subtotal splenectomy groups. Phagocytosis through the spleen did not differ between the
partial and subtotal splenectomy groups. The amount of bacteria in the lungs was greater in the partial
than in the subtotal splenectomy group. The distribution of labeled bacteria was greater in the liver of
animals submitted to subtotal splenectomy than in the other groups.
Conclusion: The upper splenic pole, supplied only by splenogastric vessels, has the ability to remove live
bacteria from the blood stream, showing that effective blood clearance occurs even without vasculari-
zation through the splenic pedicle. Thus, the distribution of E. coli through the mononuclear phagocytic
system shows different behavior depending on the type of splenectomy to which the animals are
submitted.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Splenectomized patients are more susceptible to developing
overwhelming infections characterized by bacteremia, meningitis
or pneumonia. Bardach,1 at the end of the 19th century, was one of
the ﬁrst to demonstrate experimentally that the lack of spleen leads
to death due to sepsis. However, it was only after King and Schu-
macker Jr2 who have published an article in 1952, in which
devastating sepsis was described in ﬁve splenetomized children,
that the medical community became fully aware of the risks of the
asplenic state. Over the subsequent years, numerous experimental, mobile: þ55 31 8884 9192.
g.br, petroian@gmail.com
ciates Ltd. Published by Elsevier Ltand clinical studies proved that the lack of the spleen increases the
risk of severe infections.
Post-splenectomy sepsis can be explained by immunologic
dysfunction, considering that splenic tissue accounts for 25% of the
lymphoid mass and phagocyte ability of the organism.3 Removal of
the spleen results in partial loss of ﬁltration of antigens from the
blood stream, in addition to a reduction in opsonin synthesis
(antibodies, mainly IgM, complement factors, tuftsin, properdin,
etc.) and in lymphocyte activation. The spleen macrophages can
remove bacteria from the blood, even when opsonins are lacking
and protect the organism from severe septic processes, playing
a major role in acute infection.
In view of the importance of the spleen, it has been accepted
that efforts should be made to preserve this organ whenever
possible without compromising the treatment of trauma or
diseases in which the spleen is involved.4,5 According to thed. All rights reserved.
Fig. 1. Surgical view showing subtotal splenectomy in rat. Observe the upper splenic
pole supplied only by the splenogastric vessels.
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preserve an intact splenic vascular pedicle.1–3 However, previous
studies6 have shown that the splenic upper pole has its own
vascularization, through the splenogastric vessels, which do not
depend on the splenic pedicle. Therefore, conditions in which the
splenic pedicle cannot be preserved, as is the case of major splenic
damage, may be properly treated by keeping the upper pole of the
organ supplied by the splenogastric vessels.7 This subtotal sple-
nectomy differs from the partial splenectomy that requires pres-
ervation of the splenic pedicle.
On the other hand, evenwhen splenic viability is proved, doubts
emerge about its function, mainly in terms of removal of bacteria
from the blood stream. According to the literature, splenic function
would be adequate only if the vascular pedicle of the organ is
maintained.4 It was observed that when only the splenic upper pole
is preserved the splenogastric vessels are able to remove colloidal
substances from the blood stream. However doubts still persisted
about whether the splenic remnant is able to remove bacterias,
which is an important purpose of this procedure from a clinical
aspect.
The current study was carried out to determine the importance
of the splenic vascular pedicle in the phagocytic function of the
splenic remnant after subtotal and partial splenectomies. It is also
important to determine whether total, partial and subtotal sple-
nectomies interfere with the pattern of bacterial dissemination
through the principal organs of the mononuclear phagocyte system
(spleen, lung and liver).
2. Methods
This study was carried out according to the recommendations of
the Guiding Principles in the Care and Use of Animals, and was
approved by the Ethical Committee of the Federal University of
Minas Gerais.
Thirty-two Wistar rats weighing 206–269 g were studied. The
rats were kept four to a cage, with free access to ration and water.
All procedures were conducted under aseptic conditions in the
Laboratory of Experimental Surgery of the Department of Surgery
of the Medical School of the Federal University of Minas Gerais.
After shaving the abdomen, antisepsis was obtained with a povi-
done iodine (PVPI) solution followed by a 2% alcoholic solution of
iodine. The animals were fasted for 8 h before the operation. The
surgical procedure was performed under general anesthesia with
an intramuscular injection of 50 mg/kg ketamine hydrochloride.
The animals were divided into the following groups (n¼ 8 for each
group):
- Group 1: Sham operation. The spleen was mobilized and
returned to its place.
- Group 2: Total splenectomy. After ligature of all splenic vessels
with 5–0 catgut suture, the spleen was totally removed.
- Group 3: Partial splenectomy. After identiﬁcation of the splenic
pedicle, only the vessels to the lower segment were ligated. The
inferior third of the spleen was removed and the sectioned
margin was sutured with x-knots using simple 5–0 catgut on
a atraumatic cylindrical needle.
- Group 4: Subtotal splenectomy.Aftermobilizationof the spleen,
its pediclewas ligatedwith simple 5–0 catgut. The splenogastric
vessels were identiﬁed and carefully preserved. The lower two
thirds of the spleen was removed and the splenic remnant was
sutured with x-knots using simple 5–0 catgut on a atraumatic
cylindrical needle (Fig. 1).
A sample of the bacterium used was Escherichia coli (ATCC-
10536, American Type Culture Collection, Rockville, USA), waslabeledwith technetium-99m according to the technique described
and standardized by Diniz et al.8 Bacterial concentration was
adjusted using a spectrophotometer with transmittance percentage
at 580 nm, corresponding to approximately accounting 108 colony
forming units/ml (CFU/ml).
Five weeks after surgery, the animals were anesthetized with an
intramuscular injection of 50 mg/kg ketamine hydrochloride, their
tail was cleaned with water and neutral soap, and 2 ml of E. coli
suspension labeled with technetium-99m (99mTc) was injected in
one vein of the tail. The animals were then left in individual cages
for 20 min, after which they were anesthetized and decapitated.
After a laparotomy, the abdominal cavity was assessed to verify the
splenic viability and abnormalities. The lungs, liver and spleenwere
removed through amedian thoracoabdominal incision, weighed on
an analytical balance and sectioned into small pieces that were
introduced into test tubes.
Counts were performed with an automatic shaft scintillator. A
dose standard having the same volume and activity of E. coli 99mTc
as injected into the animals was used for calculation. The count for
the standard was considered 100% of the radioactivity injected into
the animals. Thus, the percent uptake of E. coli 99mTc was calcu-
lated using the following formula:
uptake % ¼ organ cpm
standard cpm
 100
cpm: counts per minute.
With respect to the percentage of the E. coli 99mTc uptake by
splenic tissue, the results were also reported as cpm/gram of tissue,
taking into account the weight of the spleen (grams).
cpm=g ¼ cpmðradioactivityÞ
total weight of the spleenðgramsÞ
Samples of right liver, spleen or splenic remnant and both lungs
were removed and processed for histological studies.
All data were submitted to normality test by mean of Kolmo-
gorov–Smirnov assay. Mean data for the four groups under study
concerning percent of uptake by the mononuclear phagocyte
system of the lungs, liver and spleen were analyzed statistically by
Table 1
Amount of 99mTc E. coli present in the intact spleen (Group 1), in the remnant of
partial splenectomy (Group 3) and in subtotal splenectomy (Group 4), measured as
counts per minute/gram of tissue.
Group Descriptive measures P
Minimum Maximum Mean Standard Deviation
1 138158.0 221061.0 179974.3 27385.8 0.0141
3 124238.0 185755.0 147912.8 21271.1 1> 3¼ 4
4 102414.0 179851.0 140444.6 28498.0
The p value refers to analysis of variance for the three groups.
Table 2
Amountof 99mTc E. colipresent in the liver of the groupswith intact spleen (Group1),
splenectomized (Group 2), submitted to partial splenectomy (Group 3) and to
subtotal splenectomy (Group 4), measured as dose/standard %.
Group Descriptive measures P
Minimum Maximum Mean Standard Deviation
1 72.36 79.00 75.41 2.65 0.0001
2 70.50 71.21 75.85 3.58 4> 1¼ 2¼ 3
3 66.75 80.68 72.92 4.37
4 80.00 84.77 81.88 1.90
The p value refers to analysis of variance for the four groups.
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multiple average comparisons were performed using the least
signiﬁcant difference test, with the level of signiﬁcance set at
p< 0.05.
3. Results
The animals had uneventful postoperative follow-up period,
returning to the same conditions of the preoperative period. All the
animals were active and healthy at the time of bacterial inoculation.
No abdominal abnormalities were veriﬁed during necropsy. All the
spleens showed normal aspect with preservation of their capsule.
The histological ﬁndings of liver, spleen and lung were normal,
without any relevant aspect.
Fig. 1 shows a greater distribution of E. coli in the intact spleen
compared to the spleen submitted to partial and subtotal sple-
nectomy (p< 0.0001). There was no difference in E. coli distribution
between the splenic remnants of partial and subtotal splenectomy.
Even when a splenic distribution of bacteria per gram of tissue is
evaluated, it can be seen that spleen presented greater uptake in
the groupwith intact spleen than in the groups submitted to partial
and subtotal splenectomy (p¼ 0.0141) (Table 1).
The results obtained for E. coli 99mTc in pulmonary tissue
showed a greater quantity of bacteria in the animals with partial
splenectomy and a smaller quantity in the group with subtotal
splenectomy (p¼ 0.014) (Fig. 2).
The distribution of E. coli 99mTc in the liver was greater in the
group with subtotal splenectomy when compared to the other
groups (p< 0.0001) (Table 2).
4. Discussion
Despite the evidence that the splenic remnant of animals
submitted to subtotal splenectomy is able to phagocyte colloid and
erythrocytes, presumably indicating that its immunological2,99
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Fig. 2. Percentage of E. coli labeled with technetium-99m in the spleen, lung and liver.function may be preserved, it would be important to determine its
ability to remove bacteria.9,10,11 Moreover, the distribution of gram-
negative bacteria in the mononuclear phagocyte system of rats
submitted to this conservative spleen surgery has not been studied
before.
E. coli was chosen for this study because it induces over-
whelming sepsis after splenectomy in 13% of the patients12 and
prevails in infections attacking immunedepressed patients. Exper-
imental studies have shown that asplenic animals are more
susceptible to gram-negative infections. Almodahl et al.13
submitted rats to intravenous or peritoneal injection of E. coli and
observed bacterial clearance was jeopardized in the animals
submitted to splenectomy compared to normal rats. Other studies14
pointed to splenectomized rats are unable to remove bacteria from
the blood stream. In order to decrease the inﬂuence of time on the
number of bacteria in the blood ﬂow and tissues, we performed the
scintigraphic assays in nomore than 20min. In fact this time has no
effect on technetium labeled bacteria, since the mean life of tech-
netium is 6 h.
According to literature, it is well known that liver is responsible
for 60% of the immunological removal of bacteria from the blood
ﬂow, followed by the spleen (30%) and lung (5%). Lymph nodes,
Payer intestinal system and bone marrow is responsible for the rest
5% of bacterial clearance. The results of the present work showed
the same bacteria removal distribution, with predominance of liver
over the other studied organs. The decreasing of the upper splenic
pole phagocytic function may be due to the postoperative trauma
response.
The amount of remnant splenic tissue is important to the
immunological role and prevention of overwhelming sepsis after
splenectomy. Van Wyck et al15 showed that, in presence of splenic
remnant, a greater amount of bacteria is necessary to kill rats. One
third of the spleen was considered enough to restore the host
resistance to Streptococcus pneumoniae type III infection.16
In the present study, both conservative splenic surgeries
preserved equivalent splenic phagocytic function even with
different amount of tissue. Bacteria labeled with 99mTc is more
useful to determine the splenic phagocyte ability than colloidal
substance, considering that bacteria clearance is more complex
than removal of inactive substances.17 It is established that blood
supply provided by the splenic artery is essential for an adequate
function of the splenic remnant. Horton et al18 reported a more
delayed pneumococcus clearance when splenic artery was ligated,
probably due to blood ﬂow clearance. Cooney et al19 showed that
partial splenectomy is more effective in the bacteria clearance, as
compared with animals submitted to auto-implant, probably
because the auto-implants have lesser blood supply. However, in
the current study, the presence of E. coli 99mTc in the splenic tissue
did not differ in the groups with or without the vascular pedicle.
This data may be relevant in the clinical practice, since it is
necessary to stress that even a little amount of splenic tissue is able
to perform the bacterial clearance from the blood ﬂow, even
without preserving the splenic pedicle, which does not seem to
A. Petroianu et al. / International Journal of Surgery 8 (2010) 48–51 51have a pivotal role in the bacterial phagocytosis.5–7,20 Thus, when
possible, the surgeon must leave splenic tissue by mean of subtotal
and partial splenectomy, or performing splenic autotransplants.
The liver is the greater organ in the mononuclear phagocyte
system and, as expected, its tissue remove the highest amount of
labeled bacteria from the blood ﬂow, even though the lung is the
ﬁrst organ to be in contact with the inoculum.21 The animals
submitted to subtotal splenectomy showed the highest uptake in
the liver comparedwith the other three groups. Previously, in other
studies we have performed histological assessment of liver, spleen
and lung after similar experiments. No signiﬁcant ﬁndings were
observed in all our studies, including the present one.5. Conclusion
The splenic remnant of partial splenectomy, keeping the
vascular pedicle intact, or subtotal splenectomy with preservation
of the splenogastric vessels, were able to remove E. coli. Thus, the
splenic pedicle is not indispensable for the spleen to exert its
phagocytic function and removal of bacteria from the blood ﬂow.
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